Background: Acanthamoeba is an opportunistic amphizoic protozoan found in different water sources including swimming pool as well as in sewage. The aim of this study was to investigate the prevalence of Acanthamoeba in tap-water samples in Iran. Method: In this descriptive cross-sectional study, 94 samples of cold and warm tap-water were collected from different wards of hospitals in 13 cities of Iran in [2007][2008]. Free residual chlorine, pH, and temperature of samples were measured. After filtration through multipore nylon membrane, samples were cultured on non-nutrient agar. Then we investigated existence of Acanthamoeba by reverse contrast phase microscope. Results: Acanthamoeba was found in 45 samples (48%). Thirty-four and 11 positive samples were collected from cold and warm tap water, respectively. The samples belonged to the category of 20-30 °C temperature with 0-2 ppm free residual chlorine and pH 6-7.4 showed the most coincidence to the positive cases. The greatest proportion of positive samples was obtained from Mashhad hospitals, while all samples collected from Arak and Semnan hospitals were negative. Conclusion: considering the results of this study and the pathogenic role of this protozoan on patients with immunodeficiency, as well as capability of this microorganism in carrying other pathogens such as Legionella, further studies are needed. What is more important, potable water in hospitals should follow the procedure of treatment and sanitation, in order to prevent the relevant nosocomial infections.
Introduction
canthamoeba is an opportunist amphizoic protozoan, which is found in the environmental sources. Researches showed that Acanthamoeba can be found in quite different media including sea water, treated water, swimming pool, aquarium, bottled water, soil, air dust, sewage water, contact lenses washing solution, food stuff, air conditioners, digest organs and dialysis machines (1) . This protozoan has two stages in its life cycle, active trophozoite, and resistant cyst. The double-layered coat of cyst enables it to survive in the presence of disinfectants, such as chlorine compounds and antibiotics. It also well tolerates rang of temperature as wide as -2 °C to +45 °C. A variety of microorganism, such as Legionella sp. and Burkholderia picketti, which nest in the form of endosymbiont in this amoeba as amoeba-associated bacteria, can also survive after chlorination and applying other disinfectants (2) (3) (4) (5) . Pathogenicity of Acanthamoeba was discovered by Culbertson and his colleagues in 1985 (6) . This protozoan can enter the human body in the form of cyst or trophozoite via polluted water, soil or air (2) . Several studies have reported that Acanthamoeba can attack to central nerve system (CNS) leading to granulomatous encephalitis. Acanthamoeba also target other organs such as eye, which end up with amoebic keratitis, as well as skin lesions in the patients with immunodeficiency, and in healthy individuals (7) . It was also found in the upper respiratory tract, in apparently healthy persons as natural flora. Most of keratitis cases have shown a history of swimming in pool or sea. In addition, some cases have been reported amongst people applying unsterile solutions such as drinking water for cleaning their contact lenses (1, 8) . This type of keratitis led to uveit wounds, severe eye pains (Keratonoritis), photophobia and blindness (9) . Polluted water with Acanthamoeba, which is improperly used for washing and disinfecting contact lenses, is generally due to lack of awareness. Therefore, the knowledge of this people about maintenance of contact lenses is very critical. The presence of other microorganisms accompanied with Acanthamoeba in contact lenses has a considerable role in the increase of number of trophozoite adhesion to lenses and thus the increase prevalence of Acanthamoeba keratitis (10) . Health care facilities and hospitals supply their water from city water system and/or from their own storage tanks. These could be potential sources for nosocomial infections caused by Acanthamoeba (11) . Given the fact that in-ward patients need especial care to prevent nosocomial infections, in addition to some reports on Acanthamoeba infections (12) (13) (14) (15) (16) (17) , investigation of drinking water of hospitals has become the focus of attention. A few studies conducted in Iran have focused on tracing Acanthamoeba in environmental specimens (18) (19) (20) . Moreover, considering there was no similar study in Iran, this study has been conducted to investigate the presence of Acanthamoeba in potable water from tap-water at hospitals in several cities. Determining of Acanthamoeba carried out in the base of diagnostic characteristics of trophozoite and cyst, particularly the shape of double-layered cell wall of cyst.
Materials and Methods
This descriptive cross-sectional study took 7 months to be completed, from December 2007 to June 2008. Ninety-four samples were collected from warm and cold tapwater of hospitals in 14 cities including Mashhad, Tehran, Esfahan, Tabriz, Shiraz, Ahvaz, Arak, Hamedan, Sari, Rasht, Shahre kord, Boshehr, Semnan and Orumiyeh. A All samples were put into 4-litre plastic containers, and were carried to a Parasitology lab in Baqiyatallah University of Medical Sciences, Tehran, Iran. At the time of sampling, pH, free residual chlorine, and temperature were measured with pH and Cl D.P.D Amcor test Kit. After filtrations by multi pore nylon cellulose nitrate membrane (Filter pore size, 0.22-0.45µm), the filter was separated from filtration and then was placed on the non-nutrient agar medium directly. Non-nutrient agar (NNA) was prepared with Amoeba Page Saline (20) . To enrich the cultural media and provide Acanthamoeba food, we added some heat-killed Escherichia coli with special consideration. That E. coli was in the form of suspension, which had been placed in 56 °C Ban-mary for 20 minutes (21) . 0.1ml of water samples, which was prepared before, was placed on sterile condition in cultural media. It was kept in the room temperature. After two weeks, the plates were monitored daily for the outgrowth of Acanthamoeba. This was repeated for 10 days. To investigate the presence of Acanthamoeba, we used reversed contrast phase microscope with a 10x objective. Protozoa grow up in cultural media. We found them for their trophozoite and cystic characteristics, especially two-layer cell wall cysts.
Results
Based on morphological characteristics of trophozoite and cysts, in total, 45 samples (48%) appeared to have developed Acanthamoeba. Fig. 1 shows the percentage of positive samples for each city. There was no positive sample in Arak and Semnan hospitals. Table 1 shows the physical characterizations of water collected and cases of Acanthamoeba cultivated. The range of temperature of samples was 20-48 °C. The highest and the lowest temperature for positive samples were 48 °C and 21°C, respectively. The highest and the lowest pH value for positive cases were 7.1 (in Tehran) and 6 (in Rasht), respectively. Acanthamoeba isolated from samples of drinking water in some hospitals in Iran. 
Discussion
Survival and extension of Acanthamoeba in the nature and especially in water demonstrates the potential capability of pathogenesis of this protozoan in both human and animal (1) . Many studies have reported the presence of Acanthamoeba in drinking water, swimming pools, and rivers. These water sources have an obvious role in prevalence Acanthamoeba keratitis among people. Since Acanthamoeba has an extensive dispersion, it is expected that individuals have exposure to the protozoa (19) (20) (22) (23) (24) (25) (26) . For this reason, it has been claimed that more than 80% of healthy people have antibodies against Acanthamoeba (27) . Previous studies have shown that many Acanthamoeba isolated from tap-water sources might have some pathogenic ability (24) (25) . Water distribution systems as well as water tanks in cities have a major role on spreading this protozoon. To meet emergency requirements, hospitals generally have water tanks (11) . Patients are also among susceptible people who are more likely to take infection of Acanthamoeba in hospitals. Water piping in hospitals is often old and partially somewhat damaged. Metal traces, organic pollutant in drinking water, water with high hardness and free chlorine, low or high pH could lead to adverse health effects. Domestic tap water, especially when supplied from roof storage tanks, is a source of Acanthamoeba contamination. People who use contact lens should be aware of the risks associated with Acanthamoeba in tap water supplied from water storage tanks (23) . In this study, that was conducted for the first time in Iran, the results showed that about half samples were infected with Acanthamoeba. This result demonstrates the considerable spreading of Acanthamoeba in different regions among the country. This can be due to high resistance of Acanthamoeba against water chlorination as well as tolerance of it to the relatively high temperature. In a study, the minimum concentration of 1.5 parts per million (ppm), free residual chlorine found to be effective against Acanthamoeba cyst (26) . In another study, it has been reported that some strains of this protozoon were able to survive and grew up, however could not cause illness (22) . In Spain, Acanthamoeba contamination was found in 48 out of 88 (59.5%) tap water samples (25) . The results of this study are consistent with the similar studies conducted elsewhere (19, 23, 25, 28) . Acanthamoeba in drinking water supply systems could contaminate contact lenses and eventually lead to Acanthamoeba keratitis. In addition, entering human body via respiratory system can cause infection in healthy individuals as well as in persons (14) . Specimens from 12 (40%) of 30 patients in an ICU seroconverted to microorganisms known to survive in an aquatic environment in the intracellular niche provided by free-living Acanthamoeba (14) . These seroconversions were associated with ventilator-associated pneumonia, especially in patients who showed no etiologic agent by usual microbiologic investigations. These results show the role of different Acanthamoeba species as a principal co-factor and/or as main source of infections (1) . Nevertheless, increase of number of reported cases is mainly due to increase of diagnoses; however, this type of infection is multifactor. The comparison of finding of this study with similar studies conducted in overseas, shows that Acanthamoeba contamination rate is relatively lower in Iran. This could be justified by small number of samples and/or broad location of study.
These results demonstrate that domestic tap water is a significant source of the organisms. In conclusion, to understand the precise spreading of this protozoon in the environment and related factors for its pathogenesis as well as planning for control and prevention, further studies are required. More education about the hygienic maintenance of water storage tanks is recommended.
